The Use of Batch-type Zonal Ultracentrifuge Rotors for the Isolation and Purification of Viruses
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Continuous-flow zonal ultracentrifugation is now established as an invaluable technique for rapidly concentrating, and largely purifying, milligram amounts of infectious virus from very large volumes of tissue culture fluid (Cline, Nunley & Anderson, I966; Toplin, I967; Cline et al. I967; Fox et aL I967) . The quantities of virus thus obtainable are potentially of use for chemical and physical studies of virus nucleic acid and protein or for production of vaccines. However, for many purposes, sufficient virus can be obtained from volumes of tissue culture fluid of the order of t 1., whereas continuous-flow zonal rotors are most suited for handling volumes of 5 1. and upwards. Moreover, a continuous-flow rotor is a specialized piece of equipment and so is available in relatively few laboratories. Batch-type zonal rotors, on the other hand, are much more widely available since they are used for separating a variety of subcellular components (Anderson et al. I967) . Because of their availability and because it is advisable to avoid high-speed pelleting of most (if not all) viruses, we investigated the possibility of using batch-type zonal rotors for isolating viruses from small volumes of tissue culture fluid by isopycnic banding in sucrose density gradients. This paper describes a method for rapidly isolating, and partially purifying, useful quantities of polyoma virus and Semliki Forest virus from tissue culture fluid by centrifuging a sucrose density gradient prepared directly from the culture fluid itself. These two viruses were used so that the results obtained with a BXIV batch-type rotor could be compared directly with those previously reported for a BXVI continuous-flow zonal rotor (Fox et al. I967) .
The centrifuge was an MSE ' Superspeed 4o' adapted for zonal ultracentrifugation. An MSE aluminium BXIV zonal rotor was used throughout. Semliki Forest virus, labelled with [~H]uridine, was grown in spinner cultures of BHK 2I cells, and the culture fluid was prepared for density-gradient centrifugation as described previously (Fox et aL I967) . Polyoma virus (Mill Hill) was grown in secondary monolayer cultures of mouse-embryo cells (strain TO) as described previously (Fox et al. I967) except that [aH] thymidine (I/~c/ml.) was added to the cultures when they were infected and the culture fluid was collected 5 days later.
The distribution of u.v. absorbing material, acid-insoluble radioactivity and polyoma virus in the gradient recovered from the rotor after density-gradient centrifugation at 29,ooo rev./min, for I8 hr of a total of 44o ml. of tissue culture fluid is shown in Fig. i . A series of solutions of sucrose (6o ml. each), ranging in concentration from 20 to 5 ° 7o in steps of 5 7o was prepared from 320 ml. of tissue culture fluid. The rotor was loaded with 20 ml. of phosphate-buffered saline, pH 7"4 (PBS) followed by I2o ml. of culture fluid, then the sucrose solutions in order of increasing concentration, and finally IOO ml. of 67 7o sucrose. Optical density (E~s0) was recorded continuously as the rotor contents were displaced and 20 ml. fractions were collected for determination of solution density, virus titre by haemagglutinin (HA) and infectivity (p.f.u.) assay, and radio-Short communications activity as described previously (Fox et al. I967) . More than 9o % of the virus originally present in the gradient was concentrated into zoo ml. of gradient solution, in a band of density of z.222 to I'268 g./cm, a. Further purification, and concentration, of the virus was achieved by a second density-gradient centrifugation of the material in this band. Fractions 26 to 30 (Fig. I) were pooled and diluted with PBS to give a series of solutions of sucrose (50 ml. each) ranging in concentration from 20 to 4o Yo in steps of 5 Yo. The rotor was loaded with 200 ml. of PBS followed by the sucrose solutions in order of increasing concentration and finally with 200 ml. of 66 % sucrose. The distribution of u.v. absorbing material, radioactivity and polyoma virus in the gradient recovered after centrifugation at 29,000 rev./min, for I8 hr is shown in Fig. 2 . The virus was concentrated into 30 ml. of gradient solution and was banded sharply at a density of I'234 to 1.262 g./cm. 8. The small amount of u.v. absorbing material contaminating the virus was mainly phenol red, together with a trace of serum, which had diffused into the gradient. In a similar experiment with Semliki Forest virus the rotor was loaded with, in sequence, 20 ml. of PBS, I7o ml. of culture fluid, 420 ml. of gradient solution (prepared from 330 ml. of culture fluid) ranging in sucrose concentration from 20 to 50 70, and 50 ml. of 67 70 sucrose. The distribution of u.v. absorbing material, radioactivity and infectious virus, determined as described previously (Fox et al. z967) , in the gradient recovered from the rotor after centrifugation at 29,000 rev./min, for I7 hr is shown in Fig. 3 . The virus was banded in 7o ml. of gradient solution ranging in density from Iq8O to 1.2Io g./cm, a. The virus peaks from two such density-gradient centrifugations were pooled and diluted with 5 mM phosphate buffer, pH 8.8, to give a series of sucrose solutions (5o ml. each) ranging in concentration from 2o to 32 % in steps of 4 ~o. The rotor was loaded with 2oo ml. of phosphate buffer followed by the sucrose solutions, then a I5o ml. gradient of sucrose in phosphate buffer, varying linearly with volume from 38 to 5o %, and finally I IO ml. of 55 % sucrose. After centrifugation at 2%ooo rev./min, for I6 hr the virus was banded sharply at a density of 1"I92 to I'2o4 g./cm?. More than 9o % of the virus originally in the gradient was recovered in 25 ml. of gradient solution (Fig. 4) . A similar result was achieved when i6o ml. of gradient solution containing Sindbis virus, which had been obtained by continuous-flow zonal centrifugation of 6"5 1. of culture fluid as described for Semliki Forest virus (Fox et al. I967) , was recentrifuged in the BXIV rotor. In this experiment the virus was banded in 35 ml. of gradient solution of density I.I86 to I'I96 g./cm, z.
These experiments demonstrate the feasibility of using batch-type zonal rotors to isolate considerable quantities of virus, free of gross contamination with subcellular material, from tissue culture fluid. The concentration and purification achieved both compare very favourably with that obtained by continuous-flow zonal ultracentrifugation of large volumes of tissue culture fluid (Fox et al. I967) . The technique has also been shown to be a useful adjunct to continuous-flow zonal ultracentrifugation. The BXIV rotor used in the experiments has a total capacity of 66o ml., so that the maximum volume of culture fluid which can be centrifuged at one time is about 5oo ml. However, by using a BXV rotor, which has a total capacity of I7OO ml., it is possible to isolate virus from up to I'3 1. of culture fluid. For convenience in the experiments described, centrifugation was continued overnight; that is, for I6 to I8 hr. This prolonged centrifugation was not necessary with the aluminium BXIV rotor since it is estimated that, for example, Semhki Forest virus ($2o.~ 32o) (Cheng, I96I) bands isopycnically in about 8hr although, with an aluminium BXV rotor (max. speed 2i,ooo rev./min.), centrifugation for 22 to 24 hr would be necessary. The use of titanium rotors will reduce the time required considerably, since then equilibrium be reached in a BXIV rotor (max. speed 47,000 rev./min.) in approx. 3"5 hr and in a BXV rotor (max. speed 35,000 rev./min.) in approx. 9 hr. One improvement to the method described would be the use of a perstaltic gradient pump to load the rotor since then it would only be necessary to prepare two virus-containing sucrose solutions. The method of making sucrose gradients by stepwise loading of the rotor with s series of sucrose solutions is effective but rather tedious, and was adopted only because a suitable perstaltic gradient pump was not available. 
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